Abstract-A single supply differential capacitive sensing technique is presented in this paper with the focus of parasitic integration. In real application, any capacitive sensor should consider parasitic in its measurement. The aim of this paper is to analyze the effect of capacitive and resistive parasitic to the network circuit. The derivation theory of the differential capacitive sensor circuit is elaborated first. Then, comparison is made using simulation. Test was carried out using frequency from 40 kHz up to 400 kHz. Result is presented and have shown good linearity of 0.99984 at 300 kHz, R-squared value. Future application is expected to be used for capacitive sensor that is making use of energy harvesting application.
I. INTRODUCTION
In instrumentation and measurement research field, capacitive sensor measuring system easily provides efficient changes of parameter of interest into various range of capacitance conversion. Such advantage takes place without functionality loss compared to resistive and inductive sensors [1] . Capacitive sensor uses electric field to sense either conductive or non-conductive material, as long the material has surface area, its dielectric material and within the electric field distance [2] . The design of capacitive sensors can be categorized into several requirements. Such requirements are shown in works that require accuracy [3] , resolution [4] , noise immunity [5] and sensitivity [6] .
Due to its low power consumption and its sensing element consumes no energy, capacitive transducer sensor could be a contribution factor for low power measurement. There have been great efforts on the readout circuit and several reported ways of conversion using capacitance sensing for sensor interface circuits. Before capacitance conversion takes place into other forms like frequency, phase or digital, it first converts into voltages and continue its conversion process into desired forms depending on the design and method used in the system. Majority of previous work utilizing the differential capacitive sensing presented based on operational amplifiers [7] [8] . This work is an extended version of work in [6] that will discuss on its parasitic consideration in real application.
The supply used in this circuit is a single source that provide its power to the discrete components circuits, such as oscillator, operational amplifiers, voltage divider circuit and instrumentation amplifier. It was tested that using this method frequency 40 kHz up to 400 kHz are suitable to be used in the system. However, focus of this paper is on frequency at 300 kHz.
II. METHODOLOGY

A. Parasitic Capacitance and Resistance Theory
One of the important consideration should be included in real circuit are parasitic capacitance and resistance associated at the capacitance sensor. This is usually caused by connecting wires and circuit construction. The total parasitic capacitance and resistances are often contributing to error in measurement from the actual reading and may reduce the sensitivity level of the system if not properly managed.
In actual setting, based on work proposed in [6] , there are also parasitic capacitance, Cp1 and Cp2 at capacitance sensor, Cx which is located at on one side of the Cx electrode, parallel to the excitation sinusoidal source and parallel to the noninverting amplifier input, respectively. The third parasitic capacitor, Cp3, which is found at the offset capacitor parallel to the Cx can be cancelled by nulling the capacitor or offset nulling through differential capacitance sensing, as confirmed in [5, [9] [10] . These parasitic capacitance and resistances are shown in Fig. 1 . The proposed differential capacitive sensor is based on Fig. 2 of [6] and [11] . This figure is not included in this paper due to avoid repetitive publication.
In this case, capacitive sensor, Cx electrodes need to be properly shielded in order to give actual measurement and to avoid environment electromagnetic interference that would affect the behaviour of the circuit. However, in real situation stray capacitance always form between the shielding and the electrodes even in fully shielded condition.
Due to this, proper handling on the contributed parasitic resistance and capacitances should be taken into account. Theoretically, parasitic capacitance, Cp1 and Cp2, have virtually no effect on the current passing through Cx when measurement is taken from the sensor capacitor, Cx. 
B. The Proposed Conditions Exist in Real Situation.
This transfer function is independent of parasitic resistors as long as it is within the passband frequencies. As long the excitation frequency satisfies the condition of within the cutoff frequencies boundary conditions imposed by the parasitic resistances, the frequency of input voltage is independent to the CVC system. The cutoff frequencies are: 
) Fig. 2 and (7), expected corner frequencies from calculation in (4), (5) and (6), are 751 Hz, 3.18 kHz and 6.82 GHz, respectively as shown in the results of Fig. 3 . This shows a match simulation with the estimated theoretical drawing and values. In this test, parasitic capacitance and resistance involved in the real situation is mimicked as in the circuit of Fig. 1 under parasitic capacitance and resistance region. This is done by using the component's value tested earlier, Rf = 10 M, Cf = 5 pF, Rd = 10 k, Cd = 0.1 μF, Vs = 3.3 V, Cr = 5 pF, Cx = 0.1-12 pF, and by including the parasitic components, RA = 2.2 , RP = 30 M, Cp3 = 0.05 pF, Cp1 = 0.56 pF, Cp2 = 0.56 pF for comparison purpose. Fig. 5 shows the results using 300 kHz frequency. The 300 kHz frequency was chosen to test the possibilities and condition of the differential amplifier when running at frequency higher than 100 kHz. In summary, this work has shown a proposed differential capacitive sensing with parasitic impedance. It is important to integrate the real situation into design consideration. Result has shown an increase of power dissipation to the system. A small increasing of 0.03868 mV/fF and 0.99984 were shown for sensitivity and R-squared values respectively at the output voltage, with parasitic components integration. The capacitance detection range is 1.0 -6.0 pF. In future, a proposed solution can be done to improve points of detection of output voltage capacitance sensing across frequencies, by properly setting the values of component involved such as resistance and capacitance of the differential capacitive sensing.
